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(57) In a biaxial actuator including an objective lens 
(22) for converging a laser beam emitted from a light 
source to irradiate the laser beam on an information re- 
cording surface of an optical disk and guiding a laser 
beam reflected by the information recording surface to 



a photo detector, and a holder (27) for causing the ob- 
jective lens to oppose the information recording surface 
with a predetermined gap, the objective lens and the 
holder are formed such that the objective lens and the 
holder are integrally molded by using a synthetic resin 
which can transmit a laser beam. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 5 

[0001] The present invention relates to an optical 
pickup device used in an optical storage device for re- 
cording (writing) and/or reproducing (reading) an infor- 
mation signal by using an optical recording medium 10 
such as an optica! disk, a magneto optical disk or the 
like and a biaxial actuator for the optical pickup device 
and, more particularly, to the structure of a bobbin hav- 
ing an objective lens opposing an information recording 
surface of an optical recording medium, a holder there- 15 
for, a member obtained by coupling the objective lens 
and the hold, and a coil member. 



Description of the Related Art 
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[0002] In an optical disk storage device for recording 
and/or reproducing an information signal by using an op- 
tical disk such as a read-only optical disk, a phase 
change optical disk or a magneto optical disk on which 
an information signal can be recorded and reproduced 25 
or the like as an optical recording medium, an optical 
disk is placed on a disk table attached to the rotating 
shaft of a spindle motor to be rotatably driven, and an 
optical head of an optical pickup device can approach 
or leave from the spindle motor. 30 
[0003] An optical pickup device has a light source for 
emitting a laser beam, a photo detector for receiving a 
laser beam obtained by reflecting the laser beam emit- 
ted from the light source by an information recording sur- 
face of an optical disk, and the like. An objective lens of 35 
the optical head is arranged to oppose the information 
recording surface of the optical disk, a laser beam con- 
verged by the objective lens and irradiated in a direction 
almost vertical to the information recording surface is 
reflected by the information recording surface, transmit- *o 
ted through the objective lens again, and received by 
the photo detector. When the objective lens is moved 
from the inside to the outside in the radial direction along 
the information recording surface of the optical disk, so 
that an information signal can be recorded on the infor- 45 
mation recording surface, or an information signal re- 
corded on the information recording surface can be re- 
produced. 

[0004] As a biaxial actuator of such an optical pickup 
device, for example, a biaxial actuator as shown in FIG. 50 
1 and FIG. 2 is known. This biaxial actuator 1 includes 
a movable portion 3 having an objective lens 2 to be 
opposed to an information recording surface of an opti- 
cal disk, a fixed portion 5 for elastically supporting the 
movable portion 3 through a support member 4, and a 55 
base member 6 to which the fixed portion 5 is fixed, and 
the like. 

[0005] The movable portion 3 has a holder 7 which 



holds the objective lens 2 such that the objective lens 2 
is adhered to the holder by an adhesive agent and a 
square-cylindrical bobbin 8 coupled to and integrated 
with the holder 7, and a focus drive coil 9 is wound on 
the bobbin 8 in a direction perpendicular to the optical 
axis direction of the objective lens 2. A pair of tracking 
drive coils 10, 10 are attached to the outside of the focus 
drive coil 9 on one side of the bobbin 8 such that the 
tracking drive coils are wound in a direction parallel to 
the optical axis direction of the objective lens 2. 
[0006] One ends of two suspension wires 4 serving 
as support members are vertically attached to each of 
both the side portions of the holder 7 of the movable 
portion 3 with a predetermined gap in an up and down 
direction. The other ends of the suspension wires 4 ex- 
tend on the opposite side of the objective lens 2 and 
fixed to the wire support block 5 serving as a fixed por- 
tion. The wire support block 5 is fixed to the actuator 
base 6 serving as a base member by a fixing means 
serving as a fixing screw 11. The winding end portions 
of the focus drive coil 9 and the tracking drive coils 10 
are wound on the suspension wires 4 on the movable 
portion side, and soldered to be conductive lines for sup- 
plying a current to the focus drive coil 9 and the tracking 
drive coils 10. 

[0007] A pair of yokes 12 are planted in parall on the 
actuator base 6 with a predetermined gap in a direction 
in which the suspension wire 4 extends. Magnets 1 3 are 
respectively fixed to the opposite surfaces of both the 
yokes 12 by a fixing means using an adhesive agent. In 
the gap where the pair of magnets 13 are opposite to 
each other, one side of the bobbin 8 to which the tracking 
drive coils 10 is attached is inserted with a predeter- 
mined gap. 

[0008] In this manner, when a current is supplied to 
the focus drive coil 9 through the suspension wires 4, a 
thrust in an optical axis direction (focus direction) is gen- 
erated by the magnetic flux generated by the magnets 
13, so that the objective lens 2 moves in the optical axis 
direction thereof to perform focusing control. In addition, 
when a current is supplied to the tracking drive coils 10 
through the suspension wires 4, a thrust in a direction 
(tracking direction) perpendicular to the optica! axis is 
generated by the magnetic flux generated by the mag- 
nets 13, so that the objective lens 2 moves in the per- 
pendicular direction thereto to perform tracking control. 
[0009] On the basis of the focusing control of the focus 
drive coil 9 and the tracking control of the tracking drive 
coils 10, a focal point of a laser beam converged by the 
objective lens 2 flows up a periodic move of a recording 
track on the information recording surface of the optical 
disk, and the focal point is always formed on the record- 
ing track. 

[001 0] However, in the biaxial actuator of the conven- 
tional optical pickup device described above, the objec- 
tive lens 2 and the holder 7 are constituted by independ- 
ent members, respectively, and the objective lens 2 and 
the holder 7 are adhered to each other by an adhesive 
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agent to be integrated with each other. For this reason, 
the following problem is posed. 
[0011] More specifically, when the adhesive agent is 
used as the means for fixing the objective lens 2 and the 
holder 7 to each other, the adhesive agent is distorted 5 
by contraction caused by hardening of the adhesive 
agent in assembly, contraction caused by hardening 
based on a change in temperature, degradation, or the 
like after the adhesion, extension caused by softening, 
or the like, the assembly precision of the objective lens 10 
2 may vary, or an attaching position or an attaching state 
thereof may change. In addition, when the adhesive 
agent is used, not only the number of assembly steps 
increases, but also the adhesive agent is uneconomical 
because the cost of the adhesive agent itself increases. 1 5 

SUMMARY OF THE INVENTION 

[0012] The present invention has been made in view 
of the above problem, and has as its object to solve the 20 
above problem by forming an objective lens and a holder 
such that the objective lens and the holder are integrally 
molded by a synthetic resin which can transmit a laser 
beam. 

[0013] According to the present invention, in order to 25 
solve the above problem or the like and achieve the 
above object, there is provided a biaxial actuator which 
comprises an objective lens for converging a laser beam 
emitted from a light source to be irradiated on an infor- 
mation recording surface of an optical recording medi- 30 
urn and guiding a laser beam reflected by the informa- 
tion recording surface to a photo detector, and a holder 
for causing the objective lens to oppose the information 
recording surface with a predetermined gap, which is 
characterized in that the objective lens and the holder 35 
are formed to be integrally molded by using a synthetic 
resin which can transmit the laser beam. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0014] 
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FIG. 1 is a plan view showing a conventional biaxial 
actuator; 

FIG. 2 is a central longitudinal sectional view show- 45 
ing the conventional biaxial actuator; 
FIG. 3 is a perspective view showing a holder-inte- 
grated lens and a bobbin according to a first em- 
bodiment of the biaxial actuator of the present in- 
vention; 50 
FIG. 4 is a central longitudinal sectional view show- 
ing the holder-integrated lens according to the first 
embodiment of the biaxial actuator of the present 
invention; 

FIG. 5 is a perspective view showing a base mem- 55 
ber according to the first embodiment of the biaxial 
actuator according to the present invention; 
FIG. 6 is a perspective view showing the first em- 



bodiment of the biaxial actuator of the present in- 
vention; 

FIG. 7 is diagrams to show a coupling portion be- 
tween a holder-integrated lens and a bobbin ac- 
cording to the biaxial actuator of the present inven- 
tion, in which FIG. 7A is a perspective view of a state 
before caulking, FIG. 7B is a sectional view of FIG. 
7A, FIG. 7C is a perspective view of a state after 
caulking, and FIG. 7D is a sectional view of FIG. 7C; 
FIG. 8 is a plan view showing a disk drive device 
provided with an optical pickup device having the 
biaxial actuator of the present invention; 
FIG. 9 is a bottom view showing the disk drive de- 
vice provided with the optical pickup device having 
the biaxial actuator of the present invention; 
FIG. 10 is a perspective view showing a biaxial ac- 
tuator in which tracking drive coils are arranged in 
parallel to a magnet; 

FIG. 11 is a perspective view showing a biaxial ac- 
tuator in which tracking drive coils are arranged to 
be inclined with respect to a magnet; 
FIG. 12 is a perspective view showing another ex- 
ample of the biaxial actuator in which tracking drive 
coils are arranged to be inclined with respect to a 
magnet; 

FIG. 1 3 is diagrams used to explain the relationship 
between tracking drive coils and a magnet, in which 
FIG. 13A is a plan view, FIG. 13B is a plan view 
showing the directions of magnetic fluxes, FIG. 1 3C 
is a plan view showing the directions of magnetic 
fluxes, and FIG. 1 3D is a plan view showing the di- 
rections of forces; 

FIG. 14 is diagrams used to explain the relationship 
between tracking drive coils and a magnet, in which 
FIG. 14A is a side view, FIG. 14B is a plan view 
showing the directions offerees, and FIG. 14C is a 
plan view showing the directions of magnetic fluxes 
generated by two yokes; 

FIG. 1 5 is a plan view showing the directions of cur- 
rents obtained when the tracking drive coils are ar- 
ranged to be externally inclined with respect to the 
magnet; 

FIG. 1 6 is a plan view showing the directions of forc- 
es obtained when the tracking drive coils are ar- 
ranged to be externally inclined with respect to the 
magnet; 

FIG. 1 7 is a plan view showing the directions of cur- 
rents and forces obtained when the tracking drive 
coils are arranged to be internally inclined with re- 
spect to the magnet; 

FIG. 18 is diagrams to show the directions of mag- 
netic fluxes obtained when the tracking drive coils 
are arranged in parallel to the magnet, in which FIG. 
18A is a plan view, and FIG. 18B is a side view; 
FIG. 19 is diagrams to show the directions of mag- 
netic fluxes obtained when the tracking drive coils 
are arranged to be inclined with respect to the mag- 
net, in which FIG. 19A is a plan view, and FIG. 19B 
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is a side view; and 
FIG. 20 is a perspective view showing a holder-in- 
tegrated lens according to a second embodiment of 
the biaxial actuator of the present invention. 

5 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0015] Embodiments of the present invention will be 
described below with reference to the accompanying to 
drawings. FIGS. 3 to 20 show an embodiment of the 
present invention. The present invention is applied to a 
biaxial actuator of an optical pickup device which is pref- 
erably used in an optical disk reproduction device rep- 
resenting a concrete example of an optical disk storage *5 
device which only reproduces (reads) an information 
signal by using a read-only optical disk as an optical re- 
cording medium. 

[0016] More specifically, FIG. 3 is a perspective view 
showing a holder-integrated lens and a bobbin of a bi- 20 
axial actuator according to a first embodiment of the 
present invention; FIG. 4 is a central longitudinal sec- 
tional view of the holder-integrated lens; FIG. 5 is a per- 
spective view of a base member; FIG. 6 is a perspective 
view of the biaxial actuator; FIGS. 7A to 70D are views 25 
for explaining coupled portions between the holder-in- 
tegrated lens and the bobbin; FIG. 8 is a plan view of an 
optical pickup device; and FIG. 9 is a bottom view of the 
optical pickup device. FIG. 10 is a perspective view 
showing a first example of a positional relationship 30 
among a coil member, a magnet, and a yoke; FIG. 11 is 
a perspective view showing a second example of a po- 
sitional relationship among a coil member, a magnet, 
and a yoke; FIG. 1 2 is a view showing the concrete con- 
figuration of FIG. 11; FIGS. 13 to 19 are views for ex- 35 
plaining relationships among the positions of a coil 
member and a magnet, currents, magnetic fluxes, and 
force; FIG. 20 is a perspective view showing a holder- 
integrated lens and a bobbin of a biaxial actuator ac- 
cording to a second embodiment of the present inven- *o 
tion. 

[0017] A biaxial actuator 21 serving as an optical head 
drive device of an optical pickup device according to this 
embodiment, as shown in FIG. 6, comprises a movable 
portion 23 having an objective lens 22 to be opposed an 45 
information recording surface of an optical disk, a fixing 
portion 25 for elastically supporting the movable portion 
23 through support members 24a, 24b and a base mem- 
ber 26 to which the fixing portion 25 is fixed. The mov- 
able portion 23 of the biaxial actuator 21 is constituted 50 
by the objective lens 22, a holder 27 for holding the ob- 
jective lens 22, a bobbin 28 coupled to the holder 27 to 
be integrated with the holder, two types of coils, i.e., a 
focus drive coil 29 and tracking drive coils 30a, 30b, 
serving as coil members. 55 
[001 8] The objective lens 22 and the holder 27 of the 
movable portion 23, as shown in FIG. 3 and FIG. 4, are 
formed by integral molding using a synthetic resin which 
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can transmit a laser beam as a single optical part. The 
holder 27 has a cylindrical lens support portion 27a, and 
the objective lens 22 constituted by an a spherical lens 
is integrally formed in a concave portion of the lens sup- 
port portion 27a. One pair of shoulder portions 27b, 27b 
projecting on both the outside in a direction perpendic- 
ular to the optical axis of the objective lens 22 are formed 
on the outer peripheral surface of the lens support por- 
tion 27a. Engagement pieces 27c, 27C projecting in par- 
allel to each other with a predetermined gap are formed 
in the rear of the pair of shoulder portions 27b, 27b. 
[001 9] In addition, engagement pins 31 a and 31 b rep- 
resenting concrete examples of engagement projection 
portions are protorudently and integrally formed on the 
upper and lower surfaces of each of the engagement 
pieces 27c of the holder 27. The upper and lower en- 
gagement pins 31a, 31a and 31b, 31b are set on the 
same axial lines, respectively, and these axial lines are 
set to be parallel to the optical axis of the objective lens 
22. A holder-integrated lens 32 is formed by the holder 
27 and the objective lens 22. 

[0020] As the material of the holder-integrated lens 
32, for example, a lens material "Zeonex : trademark" 
available from Japan Synthetic Rubber Co., Ltd. can be 
applied. This "Zeonex" is a polyolefin-based resin 
whose main chain has a norbornene structure and has 
the following merits. That is, "Zeonex" has excellent light 
transmittance, is excellent in electric insulating property, 
has a small dielectric constant and a small dielectric tan- 
gent over a wide range of a low frequency to a high fre- 
quency, and is not easily changed by a frequency and 
a temperature. As another material, a lens material 
"Arton : trademark" available from the same Japan Syn- 
thetic Rubber Co., Ltd. can be applied. These materials 
are equal to each other in that the main chains have nor- 
bornene structures. However, the materials are different 
from each other in that "Arton" has a polar group in its 
side chain, but the "Zonex" does not have a polar group. 
[0021] The bobbin 28 of the movable portion 23 has 
a bobbin body 28a having an almost-square-cylindrical 
shape and left and right engagement pieces 33a and 
33b representing concrete examples of engagement re- 
ceiving portions and projecting on one surface side of 
the bobbin body 28a. The left and right engagement 
pieces 33a and 33b are constituted by pairs of upper 
and lower engagement pieces, respectively, and hence 
four engagement pieces 33a and 33b are provided to- 
tally. A slit-like engagement groove 34 is formed in each 
of the engagement pieces 33a and 33b to be opened on 
a side of the corresponding engagement piece. The en- 
gagement pins 31a and 31b described above are re- 
spectively engaged with the engagement grooves 34. 
[0022] The focus drive coil 29 and the pair of tracking 
drive coils 30a and 30b representing concrete examples 
of coil members are arranged on the bobbin body 28a 
of the bobbin 28 such that these coils are wound on the 
bobbin body at proper turns, respectively. More specif- 
ically, the focus drive coil 29 is wound on the outer pe- 
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ripheral surface of the bobbin body 28a in a direction 
perpendicular to the optical axis direction of the objec- 
tive lens 22 with a virtual axis parallel to the optical axis 
as a center. On one side of the bobbin body 28a on 
which the engagement pieces 33a and 33b are formed, 
a part of the focus drive coil 29 passes between the up- 
per and lower engagement pieces 33a (or 33b) . 
[0023] The pair of tracking drive coils 30a and 30b are 
respectively wound at corner portions of the bobbin 
body 28a on which the left and right engagement pieces 
33a and 33b are formed on the outside of the focus drive 
coil 29 with virtual axes respectively perpendicular to the 
optical axis as centers, respectively. More specifically, 
inside one upper and lower engagement pieces 33a, 
33a, one tracking drive coil 30a is wound between one 
side on the engagement piece side and one side almost 
perpendicular thereto. Inside the other upper and lower 
engagement pieces 33b, 33b, the other tracking drive 
coil 30b is wound between one side on the engagement 
piece side and the other side almost perpendicular 
thereto. 

[0024] The coil winding states of the focus drive coil 
29 and the pair of tracking drive coils 30a and 30b wound 
on the bobbin body 28a are shown in FIG. 3. A magnet 
35 is, as shown in FIG. 6, arranged on a surface side 
opposing internal acting portions 36a, 36a extending in 
the direction of the optical axis of the pair of tracking 
drive coils 30a and 30b. The acting portions 36a, 36a of 
the pair of tracking drive coils 30a and 30b are arranged 
with a predetermined gap in parallel to each other. 
[0025] The start portions and the end portions of the 
focus drive coil 29 and the pair of tracking drive coils 
30a and 30b are wound on hold portions 37a and 37b 
formed on the bobbin 28. The hold portions 37a and 37b 
are formed at a total of four positions, i.e., two left posi- 
tions and two right positions, as projections extending 
in a direction perpendicular to the left and right engage- 
ment pieces 33a and 33b of the bobbin body 28a near 
the engagement pieces. After the coils 29, 30a, and 30b 
are wound on the hold portions 37a and 37b, the start 
portions and the end portions of the respective coils are 
wound on four suspension wires 24a and 24b serving 
as support members, independently, so that the coils 
are fixed by a fixing means such as soldering to be ren- 
dered conductive. 

[0026] Two of the four suspension wires 24a and 24b 
are each arranged on both the sides of the holder-inte- 
grated lens 32 with a predetermined gap in the up and 
down direction. The suspension wires 24a and 24b are 
made of a material excellent in conductivity and having 
proper flexibility. As the material of the suspension wires 
24a and 24b, for example, phosphor bronze is prefera- 
bly used. However, another metal can be used as a mat- 
ter of course. In addition to the metal, for example, plas- 
tic rods or the like which are rendered conductive by mix- 
ing metal powder in plastic can also be used. 
[0027] In addition, the other ends of the suspension 
wires 24a and 24b backwardly extend on the side op- 
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posing the objective lens 22, are inserted into through 
holes of a printed circuit board 25 serving as the fixing 
member, and are connected to the wiring pattern of the 
printed circuit board by soldering to be fixed thereto. The 
5 printed circuit board 25 is fixed to an actuator base 26 
serving as the base member by a fixing member such 
as a fixing screw or the like. 

[0028] The actuator base 26, as shown in FIG. 5 or 
the like, has a base body 26a formed to have a square- 

10 frame shape, a fixing portion 26b formed such that the 
rear half of the base body is bent to be upright, and at- 
tachment portions 26c continuously formed on both the 
side portions of the base body 26a. Both the internal and 
external side edges of a side opposing the fixing portion 

15 26b of the base body 26a are cut and raised, so that a 
pair of yokes 38a and 38b arranged opposite to each 
other with a predetermined gap are formed. On a sur- 
face, which opposes the outside yoke 38b, of the inside 
yoke 38a of the pair of yokes 38a and 38b, the magnet 

20 35 is fixed by a fixing means such as an adhesive agent 
or the like. 

[0029] A screw hole 39a for screwing the printed cir- 
cuit board 25 is formed in the fixing portion 26b of the 
actuator base 26, and an insertion hole 39b, a notched 
25 portion 39c, and positioning holes 40a and 40b are 
formed in the left and right attachment portions 26c. A 
wire receiving plate 41 is sandwiched between the fixing 
portion 26b and the printed circuit board 25 to be inte- 
grally fixed. 

30 [0030] The wire receiving plate 41 is constituted by a 
plate material which is long in the lateral direction, and 
wire receiving portions 41a each having a U-shaped 
section are respectively formed on both the end portions 
of the wire receiving plate in the longitudinal direction. 

35 a silicon-based gel material 42 is held by each of the 
wire receiving portions 41a, and the two upper and lower 
suspension wires 24a and the two upper and lower sus- 
pension wires 24b pierce the silicon-based gel materials 
42, respectively. By the viscosity of the silicon-based gel 

40 materials 42, the respective suspension wires 24a (and 
24b) are elastically supported by the wire receiving por- 
tions 41a, whereby improvements in control perform- 
ances of focus servo and tracking servo are achieved. 
[0031] The biaxial actuator 21 having such a configu- 

45 ration, for example, can be easily assembled by the fol- 
lowing manner. As shown in FIG. 3, to the bobbin 28 on 
which the focus drive coil 29 and the pair of tracking 
drive coils 30a and 30b are wound in advance, the hold- 
er-integrated lens 32 in which the objective lens 22 and 

50 the holder 27 are integrally formed is assembled. 

[0032] In this case, first, the left and right engagement 
sides 27c, 27c of the holder 27 are respectively inserted 
into spaces between the upper and lower engagement 
pieces 33a, 33a (or 33b, 33b) arranged on the left and 

55 right of the bobbin 28, and, as shown in FIG. 4 and FIG. 
7A, the upper and lower engagement pins 31a, 31a (or 
31b, 31b) are engaged with the upper and lower en- 
gagement pieces 33a, 33a (or 33b, 33b), respectively. 
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Thereafter, the tip ends of the engagement pins 31a and 
31 b are melted by heat to be subjected to caulking 43,so 
that a lens-combined bobbin 44 is constituted. By using 
an adhesive agent in place of the caulking 43, the en- 
gagement pins 31 a and 31 b may be adhered to the en- 5 
gagement pieces 33a and 33b, so that the lens-com- 
bined bobbin 44 may be constituted. 
[0033] In this manner, although a simple structure is 
used, the holder-integrated lens 32 and the bobbin 28 
are reliably and firmly coupled to each other, so that the 10 
lens-combined bobbin 44 having high rigidity as a whole 
can be manufactured. 

[0034] The tip ends of the suspension wires 24a and 
24b are overlapped on the four hold portions 37a and 
37b of the lens-combined bobbin 44, the start portions *5 
and the end portions of the focus drive coils 29, 30a, 
and 30b are independently wound on the suspension 
wires 24a and 24b. The start portions and the end por- 
tions of the focus drive coils 29, 30a, and 30b are joined 
to the suspension wires 24a and 24b by using a fixing 20 
means such as soldering or the like to fix the free end 
sides of the suspension wires 24a and 24b. 
[0035] Thereafter, the other end sides of the suspen- 
sion wires 24a and 24b are caused to pass through the 
wire receiving portions 41a, and the other end portions 25 
are fixed to the printed circuit board 25 by using a fixing 
means such as soldering or the like. The silicon-based 
gel materials 42 are filled in the recessed portions of the 
wire receiving portions 41a, and portions near the fixed 
ends of the suspension wires 24a and 24b are elastically 30 
supported by the silicon-based gel materials 42. In this 
manner, the biaxial actuator 21 according to this embod- 
iment is manufactured. 

[0036] The biaxial actuator 21 having the configura- 
tion described above, for example, as shown in FIG. 8 35 
and FIG. 9, can be used as an objective lens drive de- 
vice 50 of an optical pickup device 51 used as a disk 
drive 50 device of a disk player. The disk drive device 
50 is constituted by an optical pickup device 51 serving 
as an optical block, a chassis 52 for movably supporting 40 
the optical pickup device 51 , a disk rotation drive mech- 
anism 53 mounted on the chassis 52, and the like. 
[0037] The optical pickup device 51 has a slide base 
54 which is supported such that the slide base can ap- 
proach and leave from the disk rotation drive mecha- 45 
nism 53, and the biaxial actuator 21 is mounted on the 
slide base 54. In addition, in the slide base 54, an optical 
system mechanism having a semiconductor laser, serv- 
ing as a light source, for emitting a laser beam and a 
photo detector or the like for receiving a laser beam re- 50 
fleeted by a disk are incorporated. The optical path of 
the optical system of the optical system mechanism is 
guided on a side of the objective lens 22 exposed on the 
surface of the slide base 54. 

[0038] The biaxial actuator 21 having the objective 55 
lens 22 is covered with a cover member 55 attached to 
the slide base 54, and an opening window 55a corre- 
sponding to the objective lens 22 is formed in the upper- 
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surface portion of the cover member 55. The information 
recording surface of an optical disk is caused to oppose 
the objective lens 22 exposed from the opening window 
55a, and a laser beam converged by the objective lens 
22 is irradiated on the information recording surface. 
[0039] A pair of support arms 56 each having a 
through hole are arranged with a predetermined gap on 
one side portion of the slide base 54, and a guide arm 

57 having a guide groove having an almost U shape is 
formed on the other side portion. A feeding screw shaft 

58 is inserted into the through holes of the pair of support 
arms 56, and a guide shaft 59 arranged in parallel to the 
feeding screw shaft 58 is inserted into the guide groove 
of the guide arm 57. A screw engagement member 60 
is meshed with the feeding screw shaft 58 between the 
support arms 56, and the screw engagement member 

60 is fixed to the slide base 54. 

[0040] The feeding screw shaft 58 is connected to a 
feeding motor 62 through a gear reduction mechanism 

61 at the proximal end portion of the feeding screw shaft 
such that power can be transmitted, and the drive force 
of the feeding motor 62 is transmitted to the feeding 
screw shaft to rotatably drive the feeding screw shaft, 
thereby moving the slide base 54. More specifically, de- 
pending on the directions of forward/backward rotations 
of the feeding screw shaft 58, the optical pickup device 
51 is moved in such directions that the optical pickup 
device approaches and leaves from the disk rotation 
drive mechanism 53. 

[0041] The disk rotation drive mechanism 53 is con- 
stituted by a spindle motor 63 fixed to the chassis 52, a 
disk table 64 fixed to the rotating shaft of the spindle 
motor 63, and the like. When the optical pickup device 
51 is moved from the inner periphery to the outer pe- 
riphery of the information recording surface of an optical 
disk chucked on the disk table 64, an information signal 
recorded in advance on the information recording sur- 
face is read. 

[0042] The magnetic circuit configuration of the biax- 
ial actuator used in the optical pickup device 51 or the 
like may select configurations as shown in FIG. 10 to 
FIG. 19. A magnetic circuit 71 of the biaxial actuator 
shown in FIG. 10 represents the relationships of a pair 
of yokes 72a and 72b arranged in parallel to each other 
with a predetermined gap, a magnet 73 fixed on the in- 
ner surface of one yoke 72a, a focus drive coil 74 loosely 
fitted on the yoke 72a having the magnet 73, and a pair 
of tracking drive coils 75a and 75b arranged on one side 
of the focus drive coil 74. The pair of yokes 72a and 72b 
are constituted by a yoke member having a U shape 
opened upwardly. The pair of tracking drive coils 75a 
and 75b are horizontally arranged on the same plane of 
one side of the focus drive coil 74 interposed between 
both the yokes 72a and 72b. 

[0043] In the magnetic circuit 71 described above, in 
order to obtain thrusts in an arrow X direction (tracking 
direction) and an arrow Z direction (focus direction), the 
focus drive coil 74 and the pair of tracking drive coils 
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75a and 75b are used. In this case, only internal portions 
S, S, which are parallel to the longitudinal direction of 
the magnet 73, of the tracking drive coils 75a and 75b 
can generate a required X-direction thrust Fx in the pair 
of tracking drive coils 75a and 75b, as shown in FIGS. 5 
13A and 13B. 

[0044] Magnetic fluxes Ta and Tb flow in the above- 
mentioned pair of tracking drive coils 75a and 75b in di- 
rections indicated by arrows respectively as shown in 
FIG. 11 C. As a result, when currents ia and ibflow in the 10 
direction of arrows shown in FIG. 13D, on external por- 
tions U, U opposing the internal portions S, S, the X com- 
ponent toward X direction and the Y component toward 
Y direction (acting in a direction perpendicular to the X 
component) of a magnetic flux generated by the magnet 1 5 
73 are represented as vector quantities Va and Vd, re- 
spectively. The X and Y components of a force gener- . 
ated by the magnetic flux are obtained as vector quan- 
tities Fa and Fd. Therefore, it may be considered that 
since the vector quantities Fa and Fd have reverse com- 20 
ponents in the X direction with respect to vector quanti- 
ties Fb and Fc of a main thrust, the vector quantities are 
factors of reducing the thrust. 

[0045] With respect to upper portions Q, Q and lower 
portions R, R parallel to X direction except for the inter- 25 
nal and external portions S, S and U t U of the pair of 
tracking drive coils 75a and 75b parallel to Z direction, 
as shown in FIG. 14B, forces Fe and Ff are respectively 
generated by magnetic fluxes Ve and Vf acting as shown 
in FIG. 14A. By the forces Fa, Fb, Fe, and Ff, a rotation 30 
moment Ma having the center of gravity of the magnetic 
circuit 71 as the center is generated. As a result, the 
balance of the magnetic thrusts of both the drive coils 
74, 75a, and 75b and the position of the center of gravity 
cannot be easily adjusted. Furthermore, when a mag- 35 
netic circuit having one magnet 73 is used, the size of 
the magnet is limited, and an obtained thrust is also lim- 
ited. For this reason, it may be considered that the thrust 
is difficult to be increased. 

[0046] Therefore, in the magnetic circuit 71 of this 40 
type, when the thrust by the magnetic circuit is insuffi- 
cient, as shown in FIG. 14C, another magnet 76 is used 
on the side of the opposite yokes, magnetic fluxes flow- 
ing in the external portions U, U are reduced by the mag- 
net 76, and the magnetic flux densities of the internal 45 
portions S, S are increased, so that the thrust can be 
increased. 

[0047] On the other hand, as shown in FIG. 11, ac- 
cording to a magnetic circuit 77 having a configuration 
in which the pair of tracking drive coils 75a and 75b are 50 
arranged to be inclined internally to surround the mag- 
net 73 to provide a magnetic circuit, it is possible to im- 
prove the positional precision of the pair of tracking drive 
coils 75a and 75b, improve production efficiency of the 
winding process achieved by making it possible to di- 55 
rectly wind coils on the bobbin, and to present automa- 
tion. Further, such an effect to improve an electromag- 
netic conversion rate achieved by an increase in number 
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of selectable coil materials, and narrowing a line shape 
can be obtained. 

[0048] As shown in FIG. 12, it may be possible that 
the inclination direction of the pair of tracking drive coils 
75a and 75b is arranged on the opposite side of the 
magnet 73. In this case, similar to the configuration 
shown in FIG. 11 , it becomes possible that the positional 
precision of the pair of tracking drive coils 75a, 75b is 
improved and the coils can be directly wound on the 
bobbin, whereby such an effect that the production effi- 
ciency such as the coil winding process or the like is 
improved can be obtained. In this case, the flowing di- 
rections of the X and Y components of the magnetic flux- 
es in the tracking drive coils 75a and 75b become arrows 
T as shown in FIG. 1 5. As a result, the X- and Y-direction 
components of forces generated at an J portion, a K por- 
tion, an L portion, and an M portion of the tracking drive 
coils 75a and 75b become as shown in FIG. 16. Thus, 
it may be considered that the main thrust Fj includes an- 
other thrust and a reverse component directed to the X 
direction. 

[0049] In this manner, the thrust becomes difficult to 
be increased, and a rotation moment Mb having the 
center of gravity of the biaxial actuator with the magnetic 
circuit 77 as the center is generated by reverse thrusts 
Fl, Fk, and Fm. Thus, it may be considered that the bal- 
ance of the magnetic thrusts of the focus drive coil 74 
and the pair of tracking drive coils 75a and 75b and the 
position of the center of gravity becomes difficult to be 
adjusted. 

[0050] Therefore, according to the first embodiment 
of the present invention, by employing the magnetic cir- 
cuit having the configuration shown in FIG. 11 , the biax- 
ial actuator 21 is constituted such that the pair of tracking 
drive coils 30a and 30b are arranged to be inclined to 
the magnet 35 side as shown in FIG. 6, and hence the 
improvement of the characteristics as the biaxial actua- 
tor is achieved. 

[0051] In general, the magnetic fluxes of one magnet, 
as shown in FIGS. 18A and 18B, are emitted from the 
N pole and returned to the S pole. When a magnet 80 
is attached to one yoke 81 a of a yoke member 81 having 
a U shape, the flows of magnetic fluxes in a space 
around the magnet 80 are slightly influenced by the 
yoke. However, the magnetic fluxes are returned from 
the rear side of the magnet 80 to the yoke 81a. 
[0052] In this case, as shown in FIGS. 19A and 19B, 
a pair of tracking drive coils 82a and 82b are internally 
inclined to the magnet 80 on the magnet 80 side, i.e., to 
cover the magnet 80, and, as shown in FIG. 17, the 
tracking drive coils 82a and 82b are arranged at posi- 
tions where magnetic fluxes flow in portions P in parallel 
to the Y axis. In this manner, thrusts having the compo- 
nents of forces having the same direction as that of forc- 
es of portions N of main thrust generating portions can 
be obtained. When the portions P are only arranged 
around points where magnetic fluxes flow in the portions 
P in parallel to the Y axis, thrusts having the components 
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of forces having the same direction as that of forces of 
portions N of main thrust generating portions can be ob- 
tained. Similarly, with respect to portions Oa and Ob, by 
magnetic fluxes flowing as shown in FIGS. 1 9A and 1 9B t 
thrusts having the components of forces having the 
same direction as that of forces of portions N of main 
thrust generating portions can be obtained. 
[0053] Conventionally, the thrust generating portion of 
the tracking drive coil is only an about portion occupying 
1/4 of the coil. However, as in the first embodiment, the 
pair of tracking drive coils 82a and 82b are inclined to 
the magnet 80 side, and the positions of the portions P 
are arranged around points where magnetic fluxes flow 
in parallel to the Y axis, so that thrusts can be obtained 
on the entire circumference of the tracking drive coils 
82a and 82b. The thrusts can be extraordinarily in- 
creased. 

[0054] In addition, as shown in FIG. 17, the rotation 
moment having the center of gravity of the biaxial actu- 
ator as the center can be reduced as compared with 
FIGS. 14A and 14B and FIG. 16. Therefore, positional 
displacements of the pair of tracking drive coils 82a and 
82b in the Y direction hardly influence the position of the 
center of gravity of the biaxial actuator. The balance of 
the respective magnetic thrusts and the position of the 
center of gravity can be easily adjusted. 
[0055] When the bobbin on which the focus drive coil 
and the pair of tracking drive coils are directly wound is 
made to have the configuration shown in FIG. 3, its me- 
chanical strength increases. Further, when it is made to 
have a structure for attaching a suspension, a bobbin 
for only winding is not constituted, but a half structure 
of the biaxial actuator can be constituted. As a result, a 
part for holding a lens need not be excessively elongat- 
ed to obtain an attaching mechanism, a reduction in size 
of the parts and a reduction in length in the lateral width 
direction can be achieved. In addition, when the holder- 
integrated lens and the bobbin are separated from each 
other, by changing not only the shape of the bobbin but 
also the material of the bobbin or changing the specific 
gravity, the balance of the center of gravity can be ad- 
justed. The degree of freedom of the adjustment can be 
widened. As a result, variations in resonance caused by 
imbalance can be suppressed. 
[0056] In addition, by separating the holder-integrated 
lens from the bobbin, an attachment portion of a sus- 
pension wire can be formed on the bobbin side. When 
a liquid-crystal polymer having soldering heat resist- 
ance is used as the material of the bobbin, the suspen- 
sion can be attached by soldering such that the suspen- 
sion is wound on the attachment portion. As a result, 
another part such as a pin or the like for winding is not 
necessary, a reduction in cost and a reduction in number 
of parts can be achieved. When the angles of all the 
winding portions of the tracking drive coils are set to be 
90° with respect to the winding angles, and the tracking 
drive coils are directly wound, aligned winding can be 
performed. Variations in biaxial characteristics and var- 
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iations in outer dimension after winding can be sup- 
pressed. 

[0057] FIG. 20 shows another or second embodiment 
of the biaxial actuator according to the present inven- 

5 tion. In this biaxial actuator 82, a holder 83 integrated 
with an objective lens 22 is formed in the form of a frame, 
a focus drive coil 84 and tracking drive coils 85a and 
85b wound without a bobbin are attached in the frame 
of the holder 83, so that a lens-integrated holder 86 is 

10 constituted. Hold portions 87 for attaching the tip ends 
of suspension wires are formed at two left positions and 
two right positions, i.e., a total of four positions on the 
holder 83. 

[0058] When the lens-integrated holder 86 is consti- 
15 tuted as described above, in addition to the advantages 
of the embodiment described above, the number of 
parts can be reduced, and an attachment error can be 
reduced. 

[0059] As has been described above, the present in- 
20 vention is not limited to the embodiments described 
above. For example, in each of the embodiments de- 
scribed above, an optical pickup device used in an op- 
tical disk reproducing device using a read-only optical 
disk as an information recording medium and a biaxial 
25 actuator used in the optical pickup device have been de- 
scribed. However, the present invention can be applied 
to an optical pickup device, using an optical disk as an 
optical recording medium, for both recording and repro- 
ducing and a biaxial actuator for the optical pickup de- 
30 vice, or are record-only optical pickup device and a bi- 
axial actuator for the optical pickup device as a matter 
of course. 

[0060] In the embodiments described above, an ex- 
ample wherein a structure using a wire-support method 

35 is used as the structure of a biaxial actuator has been 
described. However, a leaf-spring method may be used, 
and a hinge method in which the link mechanism and 
the rotating portion of a hinge are made of a synthetic 
resin having elasticity to support a movable portion and 

40 another configuration can also be applied. In addition, 
the following configuration can also be used. That is, an 
engagement recessed portion is formed in the holder- 
integrated lens, and an engagement recessed portion 
engaged with the engagement recessed portion of the 

45 holder-integrated lens is formed in the bobbin. In addi- 
tion, in place of winding coils, printed coil members may 
also be used. As described above, the present invention 
can be changed without departing from the spirit and 
scope of the invention. 

50 [0061] As has been described above, in the biaxial ac- 
tuator according to the present invention, an advantage 
that a holder-integrated lens obtained by integrating an 
objective lens and a holder with each other can be con- 
stituted such that the holder-integrated lens is molded 

55 by a synthetic resin which can transmit a laser beam can 
be achieved. 

[0062] Having described preferred embodiments of 
the present invention with reference to the accompany- 
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ing drawings, it is to be understood that the present in- 
vention is not limited to the above-mentioned embodi- 
ments and that various changes and modifications can 
be effected therein by one skilled in the art without de- 
parting from the spirit or scope of the present invention 5 
as defined in the appended claims. 

Claims 

10 

1 . A biaxial actuator, characterized by comprising: 

an optical part in which an objective lens for 
converging a laser beam emitted from a light 
source to be irradiated on an information re- *5 
cording surface of an optical recording medium 
and a holder portion provided on an outer pe- 
riphery of the objective lens are integrally mod- 
ed by using a synthetic resin which can transmit 
the laser beam; 20 
a coil mounted on a part of the holder portion 
provided in the optical part; and 
a magnetic flux generating means for generat- 
ing a magnetic flux for the coil. 

25 

2. A biaxial actuator according to claim 1 , 

characterized in that the synthetic resin is a 
polyolefin-based resin whose main chain has a nor- 
bornene structure. 

30 

3. A biaxial actuator as claimed in claim 1 , 
characterized in that the holder portion comprises 
a projection portion extended in a direction perpen- 
dicular to an optical axis of the objective lens. 

35 

4. A biaxial actuator as claimed in claim 3, 
characterized by further comprising a bobbin to 
which the coil is attached, wherein the projection 
portion has a coupling portion to be coupled to the 
bobbin attached with the coil. *o 

5. A biaxial actuator as claimed in claim 4, 
characterized in that 

to the bobbin there are attached a focus drive 45 
coil wound on an axis parallel to an optical axis 
of the objective lens as a center, and 
first and second tracking drive coils respective- 
ly wound on first and second axes each perpen- 
dicular to the optical axis as centers. so 

6. A biaxial actuator as claimed in claim 5, 
characterized in that the bobbin has an opening por- 
tion opened in parallel to the optical axis of the ob- 
jective lens, the magnetic flux generating means is 55 
inserted into the opening portion, and the first and 
second tracking drive coils are arranged to be in- 
clined so as to surround the magnetic flux generat- 
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ing means. 

7. A biaxial actuator as claimed in claim 4, 
characterized in that an engaging projection portion 
is provided on one of the projection portion and the 
bobbin, and an engaging concave portion to be en- 
gaged with the engaging projection portion is pro- 
vided on the other thereof, wherein after the engag- 
ing projection portion and the engaging concave 
portion are engaged, a tip end of the engaging pro- 
jection portion is caulked to thereby couple the op- 
tical part and the bobbin. 

8. A biaxial actuator as claimed in claim 4, 
characterized in that an engaging projection portion 
is provided on one of the projection portion and the 
bobbin, and an engaging concave portion to be en- 
gaged with the engaging projection portion is pro- 
vided on the other thereof, wherein 

the engaging projection portion and the en- 
gaging concave portion are engaged by an adhe- 
sive agent. 

9. A biaxial actuator as claimed in claim 4, 
characterized in that the bobbin is supported by a 
plurality of metal wires each having a conductive 
property to be movable in a focus direction and a 
tracking direction. 

10. An optical part, characterized in that: 

an objective lens for converging a laser beam 
emitted from a light source to be irradiated on an 
information recording surface of an optical record- 
ing medium and a projection portion projected in a 
direction perpendicular to an optical axis of the ob- 
jective lens are integrally molded by using a syn- 
thetic resin which can transmit the laser beam. 

11. An optical part as claimed- in claim 10, 
characterized in that the synthetic resin is a poly- 
olefin-based resin whose main chain has a nor- 
bornene structure. 

12. An optical part as claimed in claim 10, 
characterized in that the projection portion compris- 
es a coupling portion to be coupled to a coil bobbin 
attached with a coil. 

13. An optical part as claimed in claim 10, 
characterized in that the projection portion compris- 
es a coil attaching portion to which a coil is attached. 

14. In an optical disk device having provided with 

a biaxial actuator including an objective lens for 
converging a laser beam emitted from a light 
source to be irradiated on an information re- 
cording surface of an optical recording medium, 
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a holder portion provided on an outer periphery 
of the objective lens, a coil to be attached to the 
holder portion, and a magnetic flux generating 
means for generating a magnetic flux for the 
coil, in which 5 
a laser beam comberged by the objective lens 
is irradiated on the information recording sur- 
face to record and/or reproduce an information 
signal by driving the biaxial actuator in a focus 
direction and a tracking direction to 
the optical disk device characterized in that the 
objective lens and the holder portion are inte- 
grally molded by using a synthetic resin which 
can transmit the laser beam. 

15 

15. An optical disk device according to claim 14, 

characterized in that the synthetic resin is a 
polyolefin-based resin whose main chain has a nor- 
bornene structure. 

20 

16. An optical disk device as claimed in claim 14, 
characterized in that the holder portion comprises 
a projection portion extended in a direction perpen- 
dicular to an optical axis of the objective lens. 

25 

17. An optical disk device as claimed in claim 16, 
characterized by further comprising a bobbin to 
which the coil is attached, wherein the projection 
portion has a coupling portion to be coupled to the 
bobbin attached with the coil. 30 
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jection portion is caulked to thereby couple the op- 
tical part and the bobbin. 

21. An optical disk device as claimed in claim 17, 
characterized in that an engaging projection portion 
is provided on one of the projection portion and the 
bobbin, and an engaging concave portion to be en- 
gaged with the engaging projection portion is pro- 
vided on the other thereof, wherein 

the engaging projection portion and the en- 
gaging concave portion are engaged by an adhe- 
sive agent. 

22. An optical disk device as claimed in claim 17, 
characterized in that the bobbin is supported by a 
plurality of metal wires each having a conductive 
property to be movable in a focus direction and a 
tracking direction. 



18. An optical disk device as claimed in claim 17, 
characterized in that 



to the bobbin there are attached a focus drive 35 
coil wound on an axis parallel to an optical axis 
of the objective lens as a center, and 
first and second tracking drive coils respective- 
ly wound on first and second axes each perpen- 
dicular to the optical axis as centers. <o 

19. An optical disk device as claimed in claim 18, 
characterized in that the bobbin has an opening por- 
tion opened in parallel to the optical axis of the ob- 
jective lens, the magnetic flux generating means is 45 
inserted into the opening portion, and the first and 
second tracking drive coils are arranged to be in- 
clined so as to surround the magnetic flux generat- 
ing means. 

50 

20. An optical disk device as claimed in claim 17, 
characterized in that an engaging projection portion 
is provided on one of the projection portion and the 
bobbin, and an engaging concave portion to be en- 
gaged with the engaging projection portion is pro- 55 
vided on the other thereof, wherein after the engag- 
ing projection portion and the engaging concave 
portion are engaged, a tip end of the engaging pro- 
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